INTRODUCTION
A p r o c e s s f o r the preparation of metallic plutonium using a chloride intermediate is being developed a t Hanford. ('' 2' 3, The proposed p r o c e s s would include calcination of plutonium nitrate to P u 0 2 , chlorination of P u 0 2 t o PuC13, and electrolytic reduction of P u C l to the metallic plutonium 3
An automatic recording thermobalance w a s built to study the chlorination of P u O
The data obtained w e r e used to determine calcination and chlorination conditions which affect the extent of chlorination of PuOz.
with phosgene (carbonyl chloride). 2
The instrument operates on the deflection balance principle i n which the extension of a precision quartz helix spring is m e a s u r e d by a linear variable differential t r a n s f o r m e r . T h e highly toxic and c o r r o s i v e nature of these compounds imposed restrictions on the m a t e r i a l s of construction and on the operation of the instrument; that is, the toxicity of the alphaemitting plutonium compounds and the toxicity and c o r r o s i v e n e s s of phosgene.
conditions could be obtained. Therefore, a thermobalance w a s constructed and installed in a glove box w h e r e p l u t o n i u m c o m p o u n d s a n d phosgene w e r e kept under controlled conditions. No c o m m e r c i a l instrument that w a s readily adaptable to these s e v e r e
APPARATUS
The thermobalance operates on the deflection balance principle in which the extension of a precision quartz helix s p r i n g is m e a s u r e d by a l i n e a r variable differential t r a n s f o r m e r .
of plutonium compounds and phosgene, the instrument w a s installed i n a standard 4 x 6 x 8 ft Hanford glove box which opened into a fume hood ( s e e F i g u r e 1).
box.
Because of the highly toxic nature
The associated electronic equipment w a s placed outside the glove T o assure that n o phosgene w a s released to the roomatmosphere'k, the 
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supply cylinder w a s kept in the fume hood, and the cylinder, valve, and flow m e t e r s w e r e a l s o placed in small ventilated enclosures.
FIGURE 1
Gloved Box
Balance System
The weighing s y s t e m consisted of a variable differential t r a n s f o r m e r (LVDT) .
quartz helix s p r i n g and a linear
An LVDT is an electromechanical transducer that produces an e l e c t r i c a l output that is proportional t o the displacement of a movable iron c o r e . A rod-shaped magnetic c o r e is positioned axially inside the cylindrical t r a n s d u c e r coil and provides a path f o r magnetic flux linking the coils.
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A quartz helical spring and the iron c o r e ( a r m a t u r e ) of the LVDT ( t r a n s d u c e r coil) were suspended f r o m a ground g l a s s stopper.
sion of the spring causes the core to move; the amount of movement is proportional to the load applied.
sive atmosphere, i t was enclosed in P y r e x .
cal, since heating the c o r e w i l l cause a change in i t s magnetic p r o p e r t i e s .
Quartz links were used below the c o r e t o connect it to a quartz sample boat.
To reduce the possibility of vibrational nodes i n the suspension chain, the quartz links were constructed of various lengths.
a thermostat to prevent elongation with respect to an i n c r e a s e in temperature, since the purge g a s and heat reflecting m a t e r i a l on the baffles prevented any e x c e s s heating of the spring.
was then suspended inside the thermobalance glassware a s shown i n The spring did not require
The balance mechanism a s shown in F i g u r e 2 A s shown in F i g u r e 3, the thermobalance glassware was composed of two portions: the P y r e x unit which is above the heating zone, and the quartz reaction tube in the heating zone.
65/40 ball and socket of t h e i r respective m a t e r i a l s .
The two units a r e connected by a
The P y r e x unit consists of three sections. The upper portion houses the quartz helix spring ( 1 2 g load capacity, 6 c m extensions, 0 . 005 m m / m g extension) which responds to the change in sample weight. The c e n t e r portion surrounded the iron c o r e and was itself surrounded by the LVDT ( l i n e a r range 0 . 100 i n . ) .
tioning the transducer coil.
of the lower portion of the P y r e x tube. This lower portion has an argon purge inlet near the top and four baffles below it to keep the sensing unit The rmobalance Glassware 
The quartz unit was half filled with quartz chips to preheat the entering gas and diffuse the gas to prevent streaming.
at the bottom of the reaction tube protrude f r o m the bottom of the furance.
One contains a ceramic-covered Pt/Pt-lO% Rh thermocouple which prot r u d e s approximately-i n . above the quartz chips.
tion gas inlet.
both the inert and reacting g a s e s .
the thin quartz sheath.
The two s m a l l tubes
2
The other is the r e a cNear the top of the reaction tube is the exhaust outlet f o r Figure 4 shows the quartz unit, including
The P y r e x unit was r a i s e d and lowered with a stainless s t e e l rack
This was done because existing m a t e r i a l s already in and g e a r assembly.
the glove box were used t o construct the instrument.
shock-mounted with lead bricks ~
Heating and Control System
A low voltage, high amperage tube furnace was used to heat the sample.
The e n t i r e unit is
The furnace temperature was controlled with a time-proportional controller.
The furnace was supplied with a sensing thermocouple, and a motor-driven p r o g r a m m e r was connected to the controller via a step-down t r a n s f o r m e r .
This arrangement is shown i n the lower half of F i g u r e 5, except f o r the t r a n sf o r m e r which was mounted on the end of the glove box.
The sample temperature was measured by the thermocouple i n the quartz reaction tube and was recorded. reaction tube and in the furnace were made of Pt/Pt-lOy0 Rh.
The thermocouples in the quartz
In this system, the controller was actually controlling a 20 amp relay which is connected to the t r a n s f o r m e r via the p r o g r a m m e r .
caused transients to be introduced in the weight change sensing s y s t e m .
Although the effect was not too s e r i o u s ( i t could be c o r r e c t e d ) , the equipment became a maintenance problem and is being replaced by a silicon-controlled was no mechanical damper in the system, it was desirable to electronically dampen (using capacitors) any eccentricities o r oscillations. The r e c o r d e r used was a standard -1 2 to 0 to + 1 2 mv recording potentiometer that was calibrated with a l i n e a r s c a l e in milligrams ( s e e Figure 5 ) . t i m e r was used t o operate the instrument a predetermined time.
Since there A Gases Argon was used a s the inert gas for purging the P y r e x unit and the furnace tube. Phosgene, which was obtained in 10 lb cylinders, was placed inside a Lucite enclosure in the fume hood adjacent to the glove box. gas was t r a n s f e r r e d f r o m the hood to the glove box via a valve and flow m e t e r . F i g u r e 6 shows the valve, flow meter, and connections inside the Lucite enclosures. s u r e s .
bottom of these enclosures.
The
The enclosures were kept under slightly negative p r e sSince phosgene is denser than a i r , the vacuum was applied at the After the PuOz was chlorinated, it was converted back to the oxide A l l the g a s e s were transported by flexible polywith a i r .
flow indicator was used.
ethylene tubing inside the glove box; stainless s t e e l tubing was used outside.
It was not n e c e s s a r y to accurately m e t e r the a i r , s o a simple FIGURE 6
Gas Handling System ---Phosgene $otametek
A E C -G E R I C H L L R D . W A S H

Exhaust Gases
The composition of the gas resulting when a s t r e a m of phosgene is heated above 500 C has been reported by L u s t ( 4 ) to be phosgene, carbon monoxide, chlorine, and hydrogen chloride. He r e p o r t s that appreciable dissociation of phosgene was not observed below 500 C , but when P u 0 2 was present, dissociation w a s observed at all temperatures investigated. The exhaust g a s e s f r o m the chlorination of PuO cooling were shown to be phosgene, carbon dioxide, carbon monoxide, chlorine, and hydrogen chloride. Other authors report that the dissociation of phosgene starts at 300 C, and is complete at 800 C(5) and that phosgene is 217'0 dissociated at 400 C . ( 6 ) The s y s t e m could, therefore, be expected to contain phosgene, carbon monoxide, carbon dioxide, chlorine, hydrogen chloride, and volatile metallic chlorides f r o m impurities.
at 425 C, a f t e r filtering and 2 Walker(7) has shown that the s y s t e m is extremely c o r r o s i v e towards gold, platinum, etc. F o r example, he exposed samples of platinum and gold to a s t r e a m of phosgene at 500 C and found that they were completely destroyed in l e s s than 70 h r .
During the chlorination, solid deposits were found on the upper p o rtion of the quartz reaction tube, ball and socket joint, and on the lower p o rtion of the P y r e x unit. reddish-brown; the n e a r e r the furnace, the d a r k e r the color.
previously shown that these deposits a r e due to impurities in the P u 0 2 , and that s u r f a c e s kept above 325 C showed no t r a c e of these solids which a r e volatile metal chlorides.
They varied in color f r o m light yellow to dark L u s t ( 4 ) has P r e s s u r e s u r g e s due to bubbling the exhaust gas through a caustic solution decreased the sensitivity of the balance. Therefore, the exhaust gases were passed up through a continuous, gas-phase type, scrubbing tower.
almost corrosion f r e e .
This apparatus was very efficient and kept the inside of the glove box HW-7 9141 OPERATION AND PROCEDURE A sample was placed in the tared quartz sample boat and weighed on
The boat was then suspended f r o m the quartz chain, the analytical balance.
the P y r e x unit was lowered into position, and the instrumentation was s t a r t e d . Although l a r g e r samples could be used, most thermograms were run using approximately 200 mg of material.
kept to l e s s t h a n l -i n . and better resolution was obtained.
was cooled (the sample was usually cooled under an inert atmosphere), the sample boat was removed and reweighed.
The bed depth was, therefore, decrease was observed during the subsequent 2 h r at 1000 C . In a different test, the instrument was raised to 500 C, the quartz weight and sample boat were inserted in the instrument, and the temperature was held for approxi- The c a u s -
The P y r e x unit was then quickly raised, the preweighed sample boat was suspended f r o m the quartz chain, and the P y r e x unit was lowered.
This was only a momentary break i n the system, and since phosgene is denser than a i r , very little would escape f r o m the quartz furnace tube.
Of course, the phosgene was still entering the bottom of the furnace tube.
Upon completion of the chlorination reaction, the entering gas was changed to argon and a P u C l weight was obtained. Since P u C l is hygroscopic and reactive, an a i r weight could not be obtained.
on the thermogram due to different gas densities was very s m a l l .
then used to oxidize the PuC13 to P u 0 2 . was r a i s e d to 1050 C, held f o r at least 1 h r in a i r , cooled, and the sample boat was reweighed-first in argon and then on the analytical balance. The weight of the high-fired oxide was used in all the calculations.
n e c e s s a r y since the starting m a t e r i a l contained 4 to 60 w t % impurities. 
APPLICATIONS
The following data illustrate the application of this instrument.
The data shown a r e preliminary and a r e presented mainly to illustrate r a t h e r than to inform.
Effect of T e m p e r at u r e
A 10 g sample of specially-prepared P u 0 2 that was produced at H A P 0 and which was especially reactive was used a s a standard. 
Effect of P a r t i c l e Size
A sample of relatively unreactive P u 0 2 which had been calcined at 300 C f o r 1 4 h r was analyzed for particle s i z e . Samples of the original m a t e r i a l which contained 80 wt% 105 to 250 micron and 10 wt% 49 to 105 micron particles; a 49 to 105 micron fraction of the original material, and a l e s s than 49 micron fraction were chlorinated. the s m a l l e r the particle s i z e , the g r e a t e r the reaction r a t e , A s shown in F i g u r e 9, 
Effect of Additives
PuO prepared by direct calcination f r o m the nitrate was found to 2 chlorinate slowly and incompletely. reactivity is due, at least in part, to the relative impermeability of the It has been assumed that this low PuO particles. d e g r e e of crystallinity and the lack of impurities in the oxide.
This low reactivity has a l s o been attributed to the high 2 Activating additives were investigated in an effort to obtain more reactive direct calcination oxides. s t r u c t u r e whereby gas a c c e s s to the center of the particle is increased and by inhibiting c r y s t a l growth and perfection. ammonium sulfate w e r e t r i e d and i t was found that the l a t t e r was a m o r e satisfactory activating agent when used in massive quantities. Time, m i n .
FIGURE 11
Effect of Additives on the Chlorination Rate 
